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Background: Despite the increasing prevalence of type 2 diabetes in urban areas, relatively little has been known
about its actual prevalence and its associations in rural areas, Vietnam. The purpose of this study was to evaluate
the prevalence of impaired fasting glucose (IFG), impaired glucose tolerance (IGT), diabetes and their risk factors in
a rural province, Vietnam.
Methods: A cross–sectional study with a representative sample was designed to estimate the hyperglycemia
prevalence, using 75–g oral glucose tolerance test. Potential risk factors for hyperglycemia were analyzed using
multinomial logistic regression, taken into account influences of socio–economic status, anthropometric measures,
and lifestyle–related factors.
Results: The age and sex–adjusted prevalence rates (95% CI) of isolated IFG, isolated IGT, combined IFG–IGT, and
diabetes were 8.7 (7.0–10.5), 4.3 (3.2−5.4), 1.6 (0.9−2.3), and 3.7% (2.7–4.7%), respectively. There were still 73% of
diabetic subjects without knowing the condition. Blood pressure, family history of diabetes, obesity–related
measures (waist circumference, waist–hip ratio, body fat percentage, and abdominal obesity) were the independent
risk factors for hyperglycemia (IFG, IGT, and diabetes).
Conclusions: The prevalence of hyperglycemia in rural areas has not been as sharply increased as that reported
in urban cities, Vietnam. Blood pressure and obesity–related measures were the most significant predictors for
hyperglycemia level and they can be taken into account in building prognosis models to early detection of
diabetes in rural Vietnamese populations.
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Type 2 diabetes, also known as adult onset or non–
insulin dependent diabetes, has become a global public
health problem. It is estimated that the world prevalence
of diabetes among adults aged 20–79 years will increase
to 7.7%, affecting 439 million adults by the year 2030.
There will be a 69% increase in numbers of adults with
diabetes in developing countries between 2010 and 2030
[1]. In Vietnam, the prevalence of type 2 diabetes in
Hanoi increased from 1.4% in 1990 to 4.4% in 2002 in* Correspondence: binhtq@nihe.org.vn
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distribution, and reproduction in any mediumresidents aged 30−64 years [2,3]. In Ho Chi Minh City,
the residents aged 15 years or over had a 6.6% preva-
lence rate of type 2 diabetes in 2001, a significant
increase from 2.5% in 1993; and the prevalence of the
disease in residents aged 30−72 years reached 11.4% in
2009 [4-6]. The number of Vietnamese diabetic cases
will be double in 2030 compared to the year 2010 [1]. In
order to evaluate the burden of diabetes and implement
an effective strategy for prevention of diabetes, it is cru-
cial to understand the prevalence and risk factors of the
disease in both urban and rural populations.
Despite the worldwide importance of diabetes, rela-
tively little has been known about its actual preval-
ence and its associations in Vietnam. The epidemiologyntral Ltd. This is an Open Access article distributed under the terms of the
/creativecommons.org/licenses/by/2.0), which permits unrestricted use,
, provided the original work is properly cited.
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ies where the burden of diabetes was thought to be high
due to industrialization and the shift of dietary habits to a
high fat intake [7]. However, there has been a limited data
on the hyperglycemia status and related risk factors in
rural areas with more than 71 % of the total population in
Vietnam [8]. Therefore, we conducted a cross–sectional
study to identify the prevalence of impaired fasting glu-
cose, impaired glucose tolerance, type 2 diabetes, and
related risk factors in rural Vietnamese population.
Methods
Setting and study subjects
The study was designed as a cross–sectional investiga-
tion, conducted in Ha Nam province, Vietnam from July
to November 2011. Located in the south–west of the
Red River Delta and 50 km far from Hanoi Capital, Ha
Nam province has a population of approximately
800,000 inhabitants, living mostly in rural areas (108
rural communes and 6 urban wards) [5]. The Ethics
Committee of the National Institute of Hygiene and
Epidemiology, Vietnam approved the protocol of the
survey. All participants provided written informed con-
sent before entering the study.
The sample size was calculated to estimate the preva-
lence of type 2 diabetes of 5.5% within 0.012 with 95%
confidence interval, considering the following para-
meters: α = 0.05, β = 0.2, a design effect = 2 for multistage
stratified random study, and non−response rate = 8%.
The two–stage sampling method was used to recruit
3,000 subjects aged 40–64 years. First, using the prob-
ability proportion–to–size method, we selected 30 of
the all 114 communes and wards in Ha Nam province.
A listing of all local persons aged 40–64 years was con-
structed in each of the selected communes and wards.
From this list, the simple random sampling was used to
recruit 100 unrelated participants for the study. Exclu-
sion criteria for potential participants included pregnant
women, critically ill subjects, and mentally disordered
subjects. To maximize participation, the local health
staff visited each household to explain the study, obtain
written consent from each subject, and remind partici-
pants of the time and date of the survey. In the days of
survey, 290 (9.7%) subjects were absent or excluded due
to ages < 40 or > 64 years. As a results, 2,710 subjects
participated into the study.
Diagnosis of type 2 diabetes
All participants were instructed to fast overnight before
the day of survey. Blood samples were collected and cen-
trifuged immediately in the morning after a participant
had fasted for at least 8 h prior to the clinic visit. Ali-
quots of plasma were stored at 2–8°C in iceboxes and
then transported into the central laboratory of the HaNam Center for Preventive Medicine for analysis within
6 hours. Plasma glucose was measured by glucose oxi-
dase method (GOD–PAP), using a semi–autoanalyzer
(Screen Master Lab; Hospitex Diagnostics LIHD112,
Italy) with commercial kit (Chema. Diagnostica, Italy).
The World Health Organization and International
Diabetes Federation diagnostic criteria of type 2 diabetes
was used to determine the glycaemic status of subjects
[9], using fasting plasma glucose level (FPG) and oral
glucose tolerance test (OGTT) with 75 gram glucose. All
participants, except for those having previous diagnosis
of diabetes and current use of drug for its treatment,
underwent an OGTT test. A participant was classified as
having diabetes as FPG ≥ 7.0 mmol/l or 2 h plasma glu-
cose ≥ 11.1 mmol/l or previous diagnosis of diabetes and
current use of drug for its treatment. Normal glucose
tolerance (NGT) was classified when FPG < 5.6 mmol/l
and 2 h plasma glucose < 7.8 mmol/l. Isolated impaired
fasting glucose (IFG) was identified if FPG was between
5.6 and 6.9 mmol/l, and 2 h plasma glucose was less
than 7.8 mmol/l. Isolated impaired glucose tolerance
(IGT) was classified if FPG was less than 5.6 mmol/l and
2 h plasma glucose was between 7.8 and 11.0 mmol/l.
Combined IFG and IGT (IFG−IGT) were determined if
FPG was between 5.6 and 6.9 mmol/l, and 2 h plasma
glucose was between 7.8 and 11.0 mmol/l.
Data collection
All participants were interviewed by trained surveyors to
complete a structured questionnaire. Data were collected
on current age, ethnicity, educational level, occupation,
family history of diabetes, medical and reproductive his-
tory, smoking and drinking history, time spent for night’s
sleep, siesta, and watching television (TV).
Individuals were classified as having a family history
of diabetes if they reported that any first–degree relative
(parent or sibling) suffered from diabetes. Lifelong
occupation was defined as the occupation that the sub-
ject engaged in most frequently in the life. It was cate-
gorized as heavy occupation (farmer and manual worker)
and none heavy occupation (office clerks, teacher,
retired worker, and houseworker). Educational level
was categorized in four groups, by number of years of
schooling: elementary level (≤ 5 years), intermediate level
(6–9 years), secondary level (10–12 years), and post–
secondary level (> 12 years). Usual alcohol consumption
over the past year was assessed via an in–person inter-
view. For each beverage type (beer, wine), participants
reported their consumption frequency and portion size.
These data were combined to yield 4 alcohol consump-
tion categories: none (never or < 1 drink/mo), ≥ 1 drink/
mo to < 1 drink/wk, 1 drink/wk to ≤ 1 drink/d, and
≥ 2 drink/d, in which one drink was defined as a 50–ml
cup of rice wine at about 30%.
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Weight, height, waist and hip circumference, body fat
percentage were measured twice in each individual and
the mean was used for the purpose of analysis. Body
weight and height were measured in light clothing and
without shoes. Body mass index (BMI) was calculated as
weight per square of height (kg/m2). Waist circumfer-
ence (WC) was measured at the mid–way between the
lower rib margin and the iliac crest, while hip circumfer-
ence (HC) was measured at the broadest circumference
around the buttocks. Waist–hip ratio (WHR) was calcu-
lated as waist circumference (cm) divided by hip circum-
ference (cm). Body fat percentage was measured by
bioelectrical impedance method by using OMRON scale
(HBF–351, Kyoto, Japan). Overweight and obesity were
classified by the BMI–value recommendations of the
World Health Organization [10] and the International
Obesity Task Force for Asian and Pacific Island popula-
tions, which corresponds to the BMI cutoffs of 23 and
25 kg/m2 [11]. Blood pressure was measured twice in
a sitting position after participants rested for at least
5 min. The mean of the two values was used in the ana-
lysis. High blood pressure was defined as a systolic blood
pressure (SBP) of at least 130 mmHg and/or a diastolic
blood pressure (DBP) of at least 85 mmHg.
Statistical analysis
Data were weighted, taken into account the study design,
the probability of sampling, finite population correction,
and none–response rate. The estimated prevalences of
isolated IFG, isolated IGT, combined IFG−IGT, and dia-
betes were computed for the whole Ha Nam population
aged 40–64 years together with subgroups according to
age group, sex, nutritional status, and residence. The age
and sex–adjusted prevalences were estimated using dir-
ect standardization method based on the 2009 Vietnam
Population and Housing Census [8].
Quantitative variables were checked for normal dis-
tribution and compared using One–Way ANOVA or
Independent–Sample T test. Kruskal–Wallis or Mann–
Whitney U test was used to compare quantitative vari-
ables without normal distribution. Frequencies of cat-
egory variables were compared by Pearson’s χ2 test or
Fisher’s exact test when appropriate. Univariate logistic
regression analysis was used to assess potential factors
associated with IFG, IGT, IFG−IGT, and diabetes. Multi-
nomial logistic regression analysis with backward step-
wise method was performed to test several models for
the associations of high blood glucose levels to the po-
tential risk factors including: i) socio–economic condi-
tions: age, sex, residence, occupation, marital status,
income level, education level, family history of diabetes;
ii) anthropometric and clinical measures: weight, BMI,
body fat percentage, waist circumference, waist–hipratio, abdominal obesity, nutrition status, blood pressure;
and iii) lifestyle−related factors: alcohol consumption,
smoking, time spending for night’s sleep, siesta, and
watching TV. Here, data are presented as odds ratios
with 95 percent confidence intervals (CI). Associations
were considered statistically significant at two–sided P
values of less than 0.05 for all the analyses. The above
statistical procedures were performed using Stata version
11.2 and SPSS version 16.0.
Results
Characteristics of the study cohort
Of the 2,710 participants attending the study, 65% were
women, 72% were farmers, and 72% had elementary and
intermediate levels of education. Table 1 presents the
characteristics of the subjects according to blood glucose
levels. SBP and DBP were significantly lower in NGT
group in comparison with IFG, IGT, and diabetes
groups. Except for height, there was a trend of stepwise
increase in obesity–related traits including weight, BMI,
WC, HC, WHR, and body fat percentage between NGT,
IFG, IGT and diabetes groups. Diabetic subjects had sig-
nificantly higher values of the obesity–related traits than
those with NGT. Subjects with IGT had much higher
values of body fat percentage, WC, WHR, and BMI
(in men) than those with NGT. There were not signifi-
cant differences in anthropometric measures among
NGT, IFG, and combined IFG−IGT groups. The body fat
percentage was markedly higher in women compared to
men (P < 0.0001, Student–T test) in all blood glucose
levels, whereas there was no statistically significant dif-
ference in BMI between men and women.
Prevalence of hyperglycemia
The crude prevalences of isolated IFG, isolated IGT,
combined IFG−IGT, and diabetes were 9.2 (8.1−10.2),
4.4 (3.7−5.2), 1.6 (1.1−2.1), and 3.7% (3.0−4.4%), respect-
ively. The total age and sex–adjusted prevalences
(95% CI) of isolated IFG, isolated IGT, combined IFG–
IGT, and diabetes were 8.7 (7.0–10.5), 4.3 (3.2−5.4),
1.6 (0.9−2.3), and 3.7% (2.7–4.7%), respectively. The
number of newly diagnosed cases occupied 73% of the
total diabetic patients. Without relying on the OGTT test,
we would have missed 40% of the total diabetic cases.
Table 2 shows the estimated prevalence of hypergly-
cemia in people aged 40–64 years in Ha Nam pro-
vince. The estimated prevalences of IFG, IGT, and
diabetes were notable higher in men, without heavy
jobs, and urban area, in comparison with women, with
heavy jobs, and rural area, respectively. The estimated
prevalence of diabetes increased with age and reached
a peak in the oldest group. The prevalences of IGT
and diabetes were significantly higher in the obese
group compared to normal group. The underweight
Table 1 Characteristics of the studied subjects according to blood glucose levels in Ha Nam province, 2011
Variables Total (n = 2,710) NGT (n = 2,199) IFG (n = 248) IGT (n = 120) IFG−IGT (n = 43) Diabetes (n = 100)
Age (year)† 51 (46–56) 51 (46–56) 52 (47–58)** 53 (48–58)** 54 (46–57) 54 (49–60)***
SBP (mmHg)† 115 (100–130) 110 (100–128) 120 (110–136)*** 120 (110–138)*** 110 (100–140) 124 (110–140)***
DBP (mmHg)† 70 (65–80) 70 (65–80) 80 (70–81)*** 80 (70–90)*** 70 (60–80) 80 (70–88)***
Height (cm) 155.7 ± 7.0 155.6 ± 6.9 155.9 ± 6.8 154.9 ± 7.6 154.0 ± 6.8 156.9 ± 7.3
Weight (kg) 51.8 ± 8.0 51.5 ± 7.8 51.6 ± 7.9 53.3 ± 8.8 52.8 ± 7.4 55.8 ± 10.4***
BMI (kg/m2)
Men 21.3 ± 2.7 21.1 ± 2.6 21.4 ± 2.8 22.8 ± 2.8** 22.9 ± 2.0* 22.4 ± 3.4*
Women 21.4 ± 2.7 21.3 ± 2.6 21.0 ± 2.5 21.7 ± 2.5 21.9 ± 2.4 22.7 ± 3.5***
Body fat (%)
Men 21.8 ± 5.4 21.5 ± 5.4 22.4 ± 5.2 24.4 ± 4.6** 23.3 ± 3.8 23.4 ± 6.2
Women 30.0 ± 4.6 29.9 ± 4.6 29.6 ± 4.5 31.4 ± 4.3* 31.2 ± 3.4 33.1 ± 4.5***
WC (cm) 74.4 ± 7.8 73.9 ± 7.6 74.5 ± 7.9 77.1 ± 8.6** 75.3 ± 6.5 79.8 ± 9.5***
HC (cm) 87.9 ± 5.6 87.9 ± 5.5 87.5 ± 5.9 88.8 ± 6.0 88.4 ± 4.7 90.3 ± 6.3***
WHR
Men 0.86 ± 0.06 0.86 ± 0.06 0.88 ± 0.10 0.89 ± 0.06** 0.88 ± 0.03 0.90 ± 0.07**
Women 0.84 ± 0.06 0.83 ± 0.06 0.84 ± 0.06 0.85 ± 0.06* 0.84 ± 0.05 0.87 ± 0.06***
NGT, normal glucose tolerance; IFG, isolated impaired fasting glucose; IGT, isolated impaired glucose tolerance; BMI, body mass index; WC, waist circumference;
HC, hip circumference; WHR, waist–hip ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure.
Data are mean ± SD unless otherwise indicated. †Data are median (intequartile range).
* P < 0.05, ** P < 0.01, *** P < 0.001: NGT group vs. hyperglycemia groups by Student–T test or one–way ANOVA test or Mann–Whitney U test.
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IGT, IFG−IGT, and diabetes.
Risk factors associated with hyperglycemia levels
The univariate logistic regression analysis showed the
potential factors associated with impaired glucose
homeostasis levels: age, sex, blood pressure, nutritional
status, obesity–related traits, family history of diabetes,
residence, occupation, alcohol consumption, smoking,
time spent for night’s sleep, siesta, and watching TV
were statistically significantly associated with diabetes;
marital status, income level, education level, and smok-
ing status were not significantly associated with diabetes,
IFG, and IGT (Additional file 1).
Table 3 presents the factors associated with IFG, IGT,
and diabetes in multinomial logistic regression models
adjusted for socio–economic conditions, anthropometric
and clinical measures, and lifestyle−related factors. The
initial analysis showed that blood pressure, waist−hip
ratio, and family history of diabetes were the most
significantly associated with diabetes; blood pressure,
marital status, and residence were associated with IGT
and IFG−IGT; and blood pressure, waist-hip ratio, resi-
dence, and alcohol consumption were associated with
IFG. The final result from the backward stepwise
method to remove non-significant variables from the
models showed that family history of diabetes, blood
pressure, waist−hip ratio, body fat percentage, residence,
and alcohol consumption remained positively associatedwith hyperglycemia levels (Table 4). The same model in
Table 4 with replacing waist-hip ratio by other obesity-
related traits including waist circumference or abdom-
inal obesity showed that waist circumference (OR = 1.08,
95%CI=1.04−1.12, P < 0.0001) and abdominal obesity
(OR = 2.41, 95%CI=1.41−4.11, P = 0.001) were also sig-
nificantly associated with diabetes.
Discussion
Despite the worldwide importance of diabetes, relatively
little has been known about its actual prevalence and its
associations in Vietnam, especially in rural areas. It is
the first report on the status of impaired glucose homeo-
stasis and its risk factors in a rural province of Northern
Vietnam. The results of the representative, population–
based study showed that the age and sex–adjusted pre-
valences (95% CI) of isolated IFG, isolated IGT,
combined IFG−IGT and diabetes in Ha Nam province
were 8.7 (7.0–10.5), 4.3 (3.2−5.4), 1.6 (0.9−2.3), and 3.7%
(2.7–4.7%), respectively. These age–standardized preva-
lences of IGT and diabetes were lower than those
reported in plain region in the 2002 national survey of
diabetes, whereas the prevalence of IFG was much
higher with the same diagnosis criteria [3]. Moreover,
these prevalences in the rural province were much lower
than those in urban cities in Vietnam [3,6]. In compari-
son with other rural populations in Asia, our study
reported lower prevalences of diabetes and IGT than
those reported in Central India [12], in Guangdong
Table 2 Estimated prevalence of IFG, IGT, IFG−IGT, and diabetes in Vietnamese adults aged 40−64 years in Ha Nam
province, 2011
Variables IFG IGT IFG−IGT Diabetes Previous
Total New
Age group (year)
40−44 6.9 (5.9−7.9) 3.0 (2.2−3.7) 1.5 (1.0−2.0) 2.4 (1.8−3.0) 1.7 (1.2−2.3) 0.7 (0.3−1.0)
45−49 7.4 (6.1−8.62) 3.2 (2.5−3.9) 1.3 (0.9−1.7) 2.5 (2.0−3.0) 1.8 (1.4−2.2) 0.7 (0.4−0.9)
50−54 9.5 (8.2−10.9) 5.3 (4.5−6.0) 1.2 (0.8−1.5) 3.4 (2.9−4.0) 2.2 (1.8−2.7) 1.2 (0.9−1.6)
55−59 11.5 (10.0−12.9) 5.5 (4.4−6.5) 3.3 (2.6−3.9) 4.6 (3.9−5.4) 3.5 (2.7−4.3) 1.1 (0.7−1.6)
60−64 11.0 (9.2−12.7) 5.3 (4.2−6.4) 0.9 (0.5−1.3) 6.4 (5.0−7.7) 5.2 (4.1−6.3) 1.2 (0.7−1.7)
Adjusted total† 8.7 (7.0−10.5) 4.3 (3.2−5.4) 1.6 (0.9–2.3) 3.7 (2.7–4.7) 2.7 (1.8−3.5) 0.8 (0.3−1.4)
Men
40−44 7.0 (4.9−9.0) 4.8 (3.2−6.3) 2.3 (1.3−3.4) 5.2 (3.5−7.0) 3.3 (1.9−4.7) 1.9 (0.7−3.1)
45−49 7.0 (5.4−8.5) 1.3 (0.7−2.0) 1.3 (0.7−2.1) 4.0 (2.9−5.1) 2.9 (1.9−4.0) 1.0 (0.5−1.5)
50−54 10.5 (8.8−12.1) 7.3 (5.9−8.6) 1.2 (0.5−1.9) 3.4 (2.6−4.3) 2.0 (1.3−2.8) 1.4 (0.8−1.9)
55−59 13.6 (11.7−15.6) 5.7 (4.1−7.3) 1.7 (0.9−2.5) 5.3 (4.0−6.6) 4.0 (2.8−5.3) 1.2 (0.6−1.8)
60−64 9.0 (6.3−11.7) 5.8 (3.8−7.8) 0.7 (0.1−1.2) 6.0 (4.3−7.8) 4.4 (2.8−5.9) 1.6 (0.8−2.5)
Adjusted total† 8.9 (7.1−10.8) 4.8 (3.5−6.0) 1.5 (0.8−2.3) 4.6 (3.3−5.8) 3.1 (2.0−4.2) 1.0 (0.3−1.7)
Women
40−44 6.9 (5.7−8.1) 2.4 (1.6−3.1) 1.3 (0.7−1.8) 1.4 (1.0−1.9 1.2 (0.7−1.7) 0.2 (0.1−0.4)
45−49 7.6 (6.1−9.0) 4.0 (3.1−5.0) 1.3 (0.7−1.8) 1.8 (1.3−2.3) 1.3 (0.9−1.7) 0.5 (0.2−0.8)
50−54 9.0 (7.0−11.0) 4.1 (3.3−4.9) 1.1 (0.7−1.5) 3.4 (2.7−4.2) 2.3 (1.7−2.9) 1.1 (0.7−1.6)
55−59 10.1 (8.3−11.9) 5.3 (4.2−6.4) 4.3 (3.3−5.3) 4.2 (3.3−5.1) 3.2 (2.3−4.1) 1.1 (0.6−1.6)
60−64 12.5 (10.0−14.9) 4.9 (3.6−6.3) 1.0 (0.4−1.6) 6.6 (5.0−8.3) 5.8 (4.4−7.3) 0.8 (0.3−1.3)
Adjusted total† 8.6 (7.0−10.2) 3.9 (3.0−4.9) 1.7 (1.1−2.3) 2.9 (2.2−3.7) 2.3 (1.6−2.9) 0.7 (0.3−1.0)
Residence
Rural 8.4 (7.6−9.3) 4.0 (3.5−4.4) 1.4 (1.2−1.7) 3.5 (3.1−3.8) 2.5 (2.2−2.8) 1.0 (0.9−1.2)
Urban 16.5 (12−21) 9.0 (7.8−10.2) 3.9 (1.5−6.3) 5.5 (3.9−7.1) 4.7 (2.7−6.7) 0.8 (0.3−1.3)
Occupation
Heavy job 9.3 (8.2−10.3) 4.0 (3.5−4.5) 1.5 (1.3−1.7) 3.0 (2.7−3.3) 2.4 (2.1−2.7) 0.6 (0.5−0.8)
None heavy job 8.5 (7.4−9.6) 5.7 (4.8−6.7) 2.2 (1.3−3.1) 6.1 (5.2−6.9) 3.9 (3.2−4.7) 2.2 (1.6−2.8)
Nutrition status
Normal 8.4 (7.5−9.3) 4.5 (3.9−5.1) 1.7 (1.3−2.0) 2.8 (2.4−3.2) 2.0 (1.7−2.3) 0.8 (0.6−0.9)
Overweight 11.1 (9.5−12.6) 4.6 (3.8−5.4) 2.0 (1.3−2.6) 4.7 (3.8−5.5) 3.4 (2.6−4.1) 1.3 (0.9−1.8)
Obesity 7.8 (6.3−9.3) 7.0 (5.8−8.2) 2.6 (1.7−3.6) 8.7 (6.6−10.7) 7.1 (5.3−9.0) 1.5 (0.5−2.5)
Underweight 11.3 (9.5−13.1) 2.1 (1.5−2.6) 0.5 (0.2−0.8) 2.9 (2.1−3.6) 2.0 (1.4−2.5) 0.9 (0.4−1.4)
NGT, normal glucose tolerance; IFG, isolated impaired fasting glucose; IGT, isolated impaired glucose tolerance; IGF−IGT, combined IFG and IGT. Data are presented
as % (95%CI). Occupation was categorized as heavy occupation (farmer and manual worker) or none heavy occupation (office clerks, teacher, retired worker, and
houseworker). Overweight was defined as BMI ≥ 23 kg/m2. Obesity was defined as BMI ≥ 25 kg/m2. †Age and sex adjustment based on the 2009 Vietnam
Population and Housing Census using direct standardization method.
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and in Korea [16]. Fortunately, the present study indi-
cates that the prevalence of hyperglycemia in rural areas
has not been as sharply increased as that reported in
urban cities, Vietnam. It could be explained by the trad-
itional lifestyle may remain conservative in rural areas and
by the “nutrition transition” [17] keeps low stage in thisprocess with 11% underweight subjects (BMI < 18.5 kg/m2)
and 7.7% obese subjects (BMI ≥ 25 kg/m2).
The estimated prevalence of IFG and IGT increased
in 50−54 age group compared to 40−49 age group, and
the prevalence was not different between 50−59 age
group and 60−64 age group. The prevalence of com-
bined IFG−IGT was significantly higher in group aged
Table 3 Associated factors of IFG, IGT, and diabetes in multinomial logistic regression analysis
Variables IFG (n = 248) IGT and IGT−IFG (n = 163) Diabetes (n = 100)
OR (95%CI) P OR (95%CI) P OR P
Sex
Women 1 1 1
Men 0.60 (0.32−1.15) 0.122 1.09 (0.51−2.33) 0.819 1.65 (0.70−3.92) 0.253
Age (year) 1.02 (0.99−1.05) 0.057 1.01 (0.98−1.04) 0.590 1.04 (1.00−1.08) 0.076
Blood pressure
Normal 1 1 1
High 1.66 (1.24−2.24) 0.001 1.68 (1.18−2.40) 0.004 1.71 (1.10−2.67) 0.018
BMI (kg/m2) 0.95 (0.89−1.03) 0.202 1.03 (0.95−1.12) 0.479 1.05 (0.95−1.16) 0.371
Body fat (%) 0.99 (0.95−1.03) 0.493 1.03 (0.99−1.08) 0.162 1.03 (0.98−1.10) 0.252
Waist-hip ratio(per SD=0.07) 1.21 (1.01−1.46) 0.048 1.21 (0.97−1.52) 0.094 1.47 (1.14−1.90) 0.003
Family history of diabetes
No 1 1 1
Yes 1.44 (0.73−2.82) 0.290 2.00 (0.98−4.06) 0.056 4.24 (2.10−8.57) <0.0001
Marital status
Married 1 1 1
Never 1.96 (0.83−4.63) 0.126 2.69 (1.05−6.86) 0.039 2.26 (0.64−7.99) 0.207
Widowed 1.30 (0.74−2.27) 0.357 0.96 (0.46−2.02) 0.921 1.66 (0.71−3.88) 0.240
Others 0.95 (0.28−3.17) 0.930 1.02 (0.24−4.43) 0.977 1.06 (0.14−8.08) 0.958
Education level
Elementary 1 1 1
Intermediate 1.43 (0.86−2.37) 0.172 0.62 (0.37−1.04) 0.069 1.01 (0.45−2.24) 0.986
Secondary 1.16 (0.61−2.24) 0.649 0.68 (0.34−1.36) 0.270 1.53 (0.59−4.00) 0.385
Post–secondary 1.09 (0.55−2.19) 0.803 0.60 (0.29−1.27) 0.182 1.18 (0.44−3.21) 0.742
Residence
Rural 1 1 1
Urban 3.00 (1.83−4.90) <0.0001 3.22 (1.85−5.60) <0.0001 1.53 (0.70−3.34) 0.289
Heavy occupation
Yes 1 1 1
No 0.86 (0.55−1.34) 0.504 1.17 (0.71−1.92) 0.538 1.41 (0.79−2.51) 0.251
Income level
< 25 percentiles 1 1 1
25–<50 percentiles 1.17 (0.78−1.73) 0.449 1.69 (1.06−2.70) 0.028 0.85 (0.46−1.58) 0.605
50–<75 percentiles 1.18 (0.79−1.77) 0.427 0.97 (0.57−1.65) 0.899 0.86 (0.46−1.60) 0.629
≥75 percentiles 1.34 (0.89−2.01) 0.163 1.00 (0.59−1.70) 0.994 0.74 (0.40−1.39) 0.353
Alcohol consumption
None 1 1 1
<1 drink/mo 1.28 (0.72−2.29) 0.398 1.24 (0.61−2.50) 0.555 1.13 (0.46−2.78) 0.794
≥ 1 drink/mo to < 1 drink/wk 2.03 (1.15−3.61) 0.015 1.84 (0.92−3.66) 0.084 1.33 (0.53−3.35) 0.545
1 drink/wk to ≤ 1 drink/d 2.40 (1.40−4.13) 0.001 0.88 (0.43−1.77) 0.715 0.63 (0.26−1.49) 0.292
≥ 2 drink/d 2.29 (1.23−4.25) 0.009 1.18 (0.57−2.45) 0.652 1.41 (0.63−3.17) 0.408
Smoking
None 1 1 1
Current smoker 0.66 (0.38−1.16) 0.145 0.96 (0.46−2.01) 0.920 0.82 (0.36−1.86) 0.638
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Table 3 Associated factors of IFG, IGT, and diabetes in multinomial logistic regression analysis (Continued)
Ex–smoker 0.83 (0.46−1.50) 0.530 1.35 (0.65−2.81) 0.430 0.86 (0.38−1.95) 0.713
Watching TV time/day
≤ 3 hours 1 1 1
> 3 hours 0.90 (0.46−1.76) 0.757 0.73 (0.32−1.66) 0.449 1.29 (0.60−2.78) 0.514
Siesta time/day
None 1 1 1
<30 min 1.29 (0.81−2.06) 0.281 1.06 (0.61−1.84) 0.844 1.82 (0.80−4.12) 0.154
30–<60 min 1.08 (0.65−1.79) 0.774 0.93 (0.51−1.69) 0.812 1.43 (0.60−3.42) 0.421
60–<90 min 1.43 (0.86−2.38) 0.164 1.26 (0.69−2.28) 0.455 1.70 (0.71−4.05) 0.234
≥ 90 min 1.28 (0.66−2.49) 0.473 1.63 (0.78−3.39) 0.191 2.30 (0.86−6.18) 0.098
Sitting time/day
≤ 4 hours 1 1 1
> 4 hours 0.91 (0.67−1.23) 0.533 1.06 (0.74−1.54) 0.744 1.43 (0.91−2.26) 0.124
IFG, isolated impaired fasting glucose; IGT, isolated impaired glucose tolerance; IGF−IGT, combined IFG and IGT.
High blood pressure: systolic blood pressure ≥ 130 mmHg and/or diastolic blood pressure ≥ 85 mmHg.
Educational level was categorized in four groups, by number of years of schooling: elementary level (≤ 5 years), intermediate level (6–9 years), secondary level
(10–12 years), and post–secondary level (> 12 years). Occupation was categorized as heavy occupation (farmer and manual worker) or none heavy occupation
(office clerks, teacher, retired worker, and house worker).
OR and P values were adjusted by all variables in the table.
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cated that prevalence of prediabetes did not show age
effect, consistent with other reports [18,19]. Our results
can be explained by: i) 5−10% of people per year with
prediabetes may progress to diabetes, with the sameTable 4 Associated factors of hyperglycemia levels in multino
Variables IFG (n = 248)
OR (95% CI) P
Residence
Rural 1
Urban 2.68 (1.68-4.27) < 0.0001
Family history of diabetes
No 1
Yes 1.38 (0.71−2.68) 0.347
Blood pressure
Normal 1
High 1.66 (1.24−2.22) 0.001
Waist-hip ratio (per SD = 0.07) 1.17 (0.98−1.40) 0.082
Body fat (%) 0.97 (0.94−1.00) 0.083
Alcohol consumption
None 1
<1 drink/mo 1.27 (0.72−2.24) 0.416
≥ 1 drink/moto < 1 drink/wk 1.98 (1.12−3.49) 0.019
1 drink/wkto ≤ 1 drink/d 2.30 (1.34−3.94) 0.002
≥ 2 drink/d 2.14 (1.17−3.91) 0.014
IFG, isolated impaired fasting glucose; IGT, isolated impaired glucose tolerance; IGF−
High blood pressure: systolic blood pressure ≥ 130 mmHg and/or diastolic blood pr
OR and P values were adjusted by age and sex.proportion converting back to normoglycaemia [20],
and ii) people with prediabetes may postpone or com-
pletely avoid the onset of type 2 diabetes with three simple
strategies including losing weight, increasing physical ac-
tivity, and eating more healthfully [20].mial logistic regression with backward stepwise method
IGT and IGT−IFG (n = 163) Diabetes (n = 100)
OR (95% CI) P OR (95% CI) P
1 1
2.88 (1.71-4.85) < 0.0001 1.63 (0.78-3.43) 0.197
1 1
1.93 (0.96−3.89) 0.067 4.44 (2.26−8.75) < 0.0001
1 1
1.71 (1.21−2.43) 0.003 1.77 (1.15−2.74) 0.010
1.25 (1.01−1.53) 0.037 1.56 (1.24−1.95) < 0.0001
1.05 (1.01−1.09) 0.029 1.05 (1.01−1.10) 0.043
1 1
1.20 (0.60−2.37) 0.607 1.18 (0.49−2.84) 0.714
1.71 (0.88−3.33) 0.117 1.30 (0.53−3.21) 0.571
0.88 (0.44−1.74) 0.707 0.66 (0.28−1.55) 0.340
1.13 (0.56−2.27) 0.728 1.49 (0.69−3.19) 0.312
IGT, combined IFG and IGT.
essure ≥ 85 mmHg.
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lifestyle–related disorders, we took into account the
analysis of potential risk factors, including: i) socio–
economic conditions: age, sex, residence, occupation,
marital status, income level, education level, and family
history of diabetes; ii) anthropometric and clinical mea-
sures: weight, BMI, body fat percentage, waist circumfer-
ence, hip circumference, waist–hip ratio, abdominal
obesity, nutrition status, and blood pressure; and iii) life-
style factors: alcohol consumption, smoking, time spend-
ing for night’s sleep, siesta, and watching TV. As a
result, high blood pressure, obesity-related measures
(waist-hip ratio, body fat percentage, WC, and abdom-
inal obesity), and family history of diabetes were the
most significantly associated with diabetes. The associ-
ation was observed in the univariate analysis, confirmed
in multinomial logistic regression model adjusted, and
remained in the analysis with backward stepwise method
to remove non-significant variables from models. How-
ever, there were 73% of diabetic subjects without know-
ing the condition, suggesting the major part of people in
the community do not know the real status of their fam-
ily history of diabetes. Thus, using the family history of
diabetes in the predict models for diabetes should be
considered. Taken together, blood pressure and obesity–
related measures appear to be the most significant pre-
dictors for hyperglycemia level and they should be taken
into account in building prognosis models to early de-
tection of diabetes in rural Vietnamese populations.
With regard to the relationship between the elevated
blood pressure and diabetes, both disorders commonly
occur together and tend to share many predisposing fac-
tors including obesity, physical inactivity, and high−fat
diets [21,22]. Each disease tends to affect patients who
are already at risk for the other. Recent studies suggest
that the elevated blood pressure may also precede the
type 2 diabetes [23,24]. The elevated blood sugar has
many consequences, including slow but serious damage
to sensitive capillaries in the kidneys. This damage
impairs the kidney’s blood pressure regulating abilities,
leading to higher blood pressure [25]. This increased
blood pressure causes small changes in blood flow,
which exposes other sensitive capillaries to additional
damage. The elevated blood pressure can also affect the
delicate insulin secreting areas of the pancreas, leading
to higher blood sugar [26]. In this way, the combina-
tion of elevated blood pressure and high blood sugar is a
self−reinforcing loop in which both diseases tend to
worsen over time.
Individuals with IFG and/or IGT are referred to as
having prediabetes, which reflects a high risk for devel-
oping diabetes and cardiovascular disease [27]. One of
the major findings of the present study is to detect
the risk factors of prediabetes: urban area, high bloodpressure, body fat percentage, and waist–hip ratio were
associated with IGT; urban area, high blood pressure,
and alcohol consumption were associated with IFG.
These risk factors have been reported in many studies,
and their different influences vary among countries
[3,5,6,28,29]. In terms of the relationship between alco-
hol consumption and hyperglycemia levels, there has not
been reported previously in Vietnam although using rice
wine is common seen in the rural areas. In this study,
there was no association of alcohol consumption with
diabetes and IGT. Interestingly, in line with studies in
Korea and China [30,31], we reported that subjects with
one drink/month or more were 2.2–fold more likely
to have IFG than those without drinking alcohol in
the models adjusted for potential confounding factors.
However, it is inconsistent with a prospective study in
Japanese men office workers [32]. In the context of fur-
ther studies needed to clarify the controversial effect of
alcohol consumption on hyperglycemia, our observation
in Vietnamese population supports the call by the World
Health Organization to implement evidence−based strat-
egies to reduce harmful use of alcohol [33].
The present study has found several important find-
ings for public health policy makers in prevention of dia-
betes in Vietnam. First, the newly diagnosed diabetic
cases occupied 75% of the total diabetic subjects, and
this rate in the year 2011 was more frequent than those
in a previous report of 9 years ago [3], suggesting the
major part of diabetic residents in rural areas without
knowing this condition. It highlights the urgent need for
greater public awareness on risk factors for hypergly-
cemia status and strengthening of diabetes–related
health services to detect, prevent, and treat early indivi-
duals with diabetes. In addition, because Ha Nam prov-
ince is thought to be a typical rural province in Red
River Delta Region with a population about 3,727,000
adults aged 40–64 years [8], we could estimate 137,900
diabetic residents, 100,600 undiagnosed patients, and
547,900 prediabetes cases in the region. Second, our
study indicates that the single FPG test may lead to
underestimate about 40 % of diabetic cases in rural
population, suggesting OGTT method should be the
appropriate way to screening diabetes and prediabetes in
the communities. Moreover, the age–standardized preva-
lence of IFG defined by OGTT test with intravenous
blood in our study (8.8%) was 4.6–fold higher than that
in the 2002 national survey of diabetes in the plains re-
gion (1.9%), in which OGTT test with capillary blood
was used, suggesting the hypothesis that the use of such
OGTT test with capillary blood may underestimate the
prevalence of IFG. Further study needs to confirm the
hypothesis before recommendation of this method for
screening IFG in Vietnamese populations. Third, the
BMI means (SD) of the diabetes group were 22.4 (3.4) in
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servation that the risk of diabetes starts at a lower BMI
for Asians than for Europeans [28], supporting the use
of recommendations to classify overweight and obesity
for Asian and Pacific Island populations, which corre-
sponds to the BMI cutoffs of 23 and 25 kg/m2 [10,11].
The present findings must be interpreted in the con-
text of several potential limitations. First, the study was
limited by its cross–sectional nature, and this does not
allow for conclusions of the causal relationships. Second,
data on physical activities, food intake, and blood lipids
were not used in these findings to evaluate a potential
effect of these variables in our results. Next, blood sam-
ples were collected and centrifuged immediately in the
morning after a participant had fasted for at least 8h
prior to the clinic visit. Aliquots of plasma were stored
at 2–8o C in iceboxes and then transported into the cen-
tral laboratory for analysis within 6 hours. However,
although this process we used can minimize the preana-
lytical impact on detecting diabetes, it may cause about
2% underestimate of prediabetes prevalence [34]. Lastly,
our sample was a representative sample for a rural prov-
ince in the Red River Delta region, the extrapolation for
other geographical regions in Vietnam (Mountainous
Northwest and Northeast, North Central Coast, South
Central Coast, Central Highlands, Southeast, and Mekong
River Delta) should be taken into account. It is essential
to conduct a national survey on diabetes to evaluate the
burden of the disease in different geographic regions.Conclusions
In summary, the study showed that the hyperglycemia
status in rural Vietnameses was less severe than that in
urban residents. Family history of diabetes, blood pres-
sure, obesity−related measures, residence, and alcohol
consumption were positively associated with hypergly-
cemia levels. There is an urgent need for greater public
awareness on risk factors for hyperglycemia status and
strengthening of diabetes–related health services to early
detect, prevent, and treat individuals with diabetes.Additional file
Additional file 1: Associated factors of IFG, IGT, IFG−IGT and
diabetes mellitus in univariate logistic regression analysis.Abbreviations
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